Substrate-site interactions in the membrane-bound adenine-nucleotide carrier as disclosed by ADP and ATP analogs.
The binding parameters of a number of ADP or ATP analogs to the adenine nucleotide carrier in mitochondria and inside-out submitochondrial particles have been explored by means of two specific inhibitors, carboxyatractyloside and bongkrekic acid. The nucleotides tested fell into two classes depending on the shape of the binding curve. Curvilinear Scatchard plots were obtained for the binding of ADP, ATP, adenosine 5'-triphospho-gamma-1-(5-sulfonic acid)naphthylamidate [gamma-AmNS)ATP) and adenylyl (beta,gamma)-methylenediphosphate (p[CH2]ppA); on the other hand, rectilinear Scatchard plots were obtained in the case of naphthoyl-ADP (N-ADP) and 8-bromo ADP (8Br-ADP) binding. The total number of binding sites for N-ADP and 8Br-ADP could be extrapolated with good accuracy to 1.3-1.5 nmol/mg protein; this value corresponds to the number of carboxyatractyloside-binding sites in heart mitochondria (Block, M.R., Pougeois, R. and Vignais, P.V. (1980) FEBS Lett. 117, 335-340). On the other hand, because of the curvilinearity of the Scatchard plots for the binding of ADP, ATP, (gamma-AmNS)ATP and p[CH2]ppA, the total number of binding sites for these nucleotides could only be approximated to a value higher than 1 nmol/mg protein, the exact value being probably equal to that found for N-ADP and 8Br-ADP binding, i.e. 1.3-1.5 nmol/mg protein. Curvilinearity of Scatchard plots was discussed in terms of negative interactions between nucleotide-binding sites located on the same face of the adenine nucleotide carrier. A possible relationship between the features of the binding plots and the transportable nature of the nucleotide is discussed. Contrary to the enhancing effect of bongkrekic acid on [14C]ADP uptake observed essentially in nucleotide-depleted heart mitochondria (Klingenberg, M., Appel, M., Babel, W. and Aquila, H. (1983) Eur. J. Biochem. 131, 647-654), binding of bongkrekic acid to nondepleted heart mitochondria was found to partially displace previously bound [14C]ADP. These opposite effects of bongkrekic acid may be explained by assuming that bongkrekic acid is able to abolish negative cooperativity between external (cytosolic) ADP-binding sites.